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Abstract. We examine the possibility of producing and evidencing exotic strange matter
(strangeletsaand metastablemulti-hypernucleaiobjects, MEMO'’s), including also pure hyperonic
boundstateg(AA)s, (EA)p), atRHIC andLHC. Simulationsarepresentedo estimatehesensitvity
of theSTAR andALICE experimentdo thedetectiorof theseobjects focusingmainly onmetastable
short-lved (weakdecaying)strangedibaryons with a particularemphasin the H-dibaryon,a six
quark-baghoundstate(uuddss).
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1. Strange cluster production at RHIC and LHC

It is offen speculated] [2] [3] thatstrangequarkmattercould be producedn heavy ion
collisionsvia two differentscenarii:by coalescencef hyperonsandnucleonsn ahadronic
medium[4] or by a strangenesdistillation procesq5] in a QuarkGluon PlasmaQGP).
The later mechanisnrequiresin principle a large baryonicchemicalpotential(ug). But
themid-rapidity region coveredby the centralbarrelof STAR or ALICE doesnot, a priori,
offer suchconditions.Neverthelessthefirst measuremenist RHIC shaw thatthe free net
baryonregimeis still not reached Moreover, somecalculation[6] indicatesthat, evenat
LHC wherepup is expectedto bealmostzero,theremight be nonnegligeablefluctuations
of up betweendifferentrapidity binsin the centralregion. Hencedistillation could take
placelocally.

Asideof thispossiblehindrancewe have to considetthatthe overallconditionsfor QGP
formationandexistenceshouldbe betterat RHIC andevenmoreat LHC thanat all other
acceleratorsConsequentlyif a strangeleteally needsa QGPto be createdjts production
probabilitycouldbe enhancedtthe new colliders.

Coming back to the first scenario,relativistic heary ion collisions provide a prolific
sourceof hyperonswhich could, togetherwith nucleonsgcoalesceduringthe late stageof
thereactionandform MEMO's or purely hyperonicclusters,creatinga doorway stateto
strangelets.For example,a Dilambdacould be formed by the coalescencef 2 A’s and
transformto a H-dibaryon.
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2. Thesearch for strangedibaryonsat RHIC and LHC

The searchfor exotic strangeclustersis in progressat the new colliders. The central
barrelof STAR andALICE, offerin principlethe possibilityto investigatebothsituations:
long and shortlifetime objects. But this centralapparatuss much bettersuitedto the
secondcasewhich implies the searchfor weak decaytopologieslik e the H-dibaryonor
the Dilambdadecay It coversthe pseudorapidityfdomainof || < 1. This large angular
acceptancef 45° < § < 135° is well adaptedo the searclof specificdecaypatternsyia
secondaryrackreconstructionsecondaryerticesandkink finding.

In orderto estimatethe sensitvity of STAR and ALICE to the H°, we will studythe
capabilityof the apparatusor reconstructinghe two following decaychannels:H® —s
Y p — no pandH® — Apn~ — pr—pr—. Thefirst oneis difficult to evidence
in the hugebackgrouncernvironmentof STAR andALICE becausef the very shortX—
tracklengthandbecausef the undetectecdheutron.For this reasonat first, we will focus
on the secondmode, in which the sequentialdecayleadsto the reconstructionof two
successie vertices,eachconnectinga protontrackwith a 7~ track. After mixing of the
HP° daughterswith the simulatedevent productsandfull eventreconstructionpnehasto
develop specific H° finding algorithmsand producethe H° invariantmassdistribution.
Fromthis simulation,the detectorefficiency andsensitvity will bederived.

2.1TheH® — Apn~ weakhadmonicdecayin STAR

As afirst attempt,we have consideredy massof 2210MeV for the H°, the samdlifetime
asforthe A (7 = 2.6 x 107195, a constantapidity distribution limited to the midrapid-
ity region ( —1 < y < +1) andan exponentialtrans\ersemassdistribution. After H°
mixing within realisticsimulatedevents,detectodigitizationandfull eventreconstruction
(spacepointfinding, trackingandparticleidentification)in TPC,we haveto find, from the
secondarytrack analysis,all the secondarnpr— vertex (socalled V%) candidatesThen,
amongthis backgroundf V°’s, onehasto find the V° — V° pairsthatcould correspond
toa H° decay

We have obtaineda first estimateof thosequantitiesby simulating10* eventswith 700
chagedparticlesper unit of rapidity. This numbercorrespondsoughly to the measured
rapidity densityin STAR for centralAu + Au eventsat 200 AGeV. A meanmultiplicity
of 7 H”s perevent,in the —1 < y < +1 rapidity range,hasbeenconsideredor this
purpose This representatotal of 7 x 10* generated?®’s.

Among them, 140 are correctly reconstructedcorrespondingto an efficiengy e =
2 x 1073, They generatea clear peakin the Apr~ invariantmassdistribution shovn
in figure 1. This preliminary resultcan be improved by optimizing the setof selection
cuts,at the V0 finding level aswell asat the V0 associatiorprocedurestep. The back-
groundlevel in the H° massdomain(mgoe &+ 7MeV) is of about100 counts. The shape
of the backgroundseefigure 1), which shaws large fluctuations,hasto be investigated
more. Neverthelessby extrapolatingthe backgroundo full statisticsexpectedin STAR,
Nevent ~ 107 centralevents,one may deducethe detectorsensitvity. Observinga H°
signal,above thebackgroundat 3¢ confidencdevel, impliesaboutd60 H®’s (n g0) recon-
structed.
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Figure 1. Apm~ invariantmassspectrumfor H® —s Apz~ obtainedfrom recon-
structionof STAR simulatedevents.
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Takinginto accounthetotalnumberof analysedventsandtheefficiency, theestimated
sensitvity is dNgo /dy = 2.5 x 10~2H°/event(for |y| < 1). In orderto getmoreaccurate
estimatesit is foreseerto perform H® embeddingnto realdata.

2.2TheH° decayin ALICE

Thesensitvity of ALICE tothe H® — Apr— decayis estimatechereatafastsimulation
level, without full trackingandV° finding. This meansessentiallythatwe have to make
someassumptionsn the expectedy’® background.

First of all, we have calculatedthe acceptancef the H° decaychainintegratedover
rapidity andtrans\ersemomentumfor variouslifetimes, consideringagainan initial H°
phasespacedistribution restrictedto —1 < y < +1 with dNgo /dy = constanin this ra-
pidity range.Then,therate(R) of reconstructablé’®’s is givenby this acceptancéactor
(Acc) timesthesecondaryrackandV? finding efficiency (e5ec): R = €5ec * Acc. Thequan-
tity e5.. representshe probabilityto getthefour secondaryrackscorrectlyreconstructed
andto find the2 V°’sof the H° decay This numberis approximatedy thesquareof the A
reconstructiorefficiengy. Therateof reconstructablé’®’s computedn this way depends
onthe HO lifetime, for = 2.6 x 10~1%s, Ris equalto 0.2%.

Thenext stepis to estimatethe global reconstructiorefficiengy, includingthe V0 — v
associatioralgorithmdescribedn previoussectionandto getareasonablestimateof the
combinatorichackground. For this purpose a total amountof 5 x 10* eventshasbeen
simulated,with aninitial H° yield of 2 per eventon the average. Eachof theseevents
containsan averagenumberof about100 pr~ secondaryertex candidates.Therate R
beingof 0.2%, thetotal numberof reconstructablél® presenin this setof eventsis equal
to 200,i.e. onecandidatesvery 250events.

The H® reconstructioris appliedto all thesimulatedi’?’s, eventby event,assuminghe
momentumangularandvertex positionresolutionsvhich arecurrentlyusedin the ALICE
fastsimulations We getanefficiency of 1.7 x 10~3 : atotal of about170truereconstructed
H%s (the peakin the invariantmassdistribution shavn in figure 2, and a backgroundf
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Figure 2. Apr~ invariantmassspectrumfor H° —s Apn~ obtainedfrom recon-
structionof ALICE simulatedevents.

about200 counts. For the statisticsof 107 events,the extrapolatedsensitvity per unit of
rapidity in the centralregion (|y| < 1) is of about1.75 x 10=2H/event.

3. Summary and outlook

The preliminary study of the detectabilityof exotic strangeclustersin the centralbarrel
of STAR and ALICE exhibits encouragingesultsfor short-lived objects. In particulay
the discovery of the H-dibaryonor Dilambdaweak hadronicdecayto Apr— seemsto
be possibleif the productionrate of thesehypotheticalparticlesis higherthan2 x 102
per rapidity unit in the midrapidity (Jjy| < 1) region of a centralheavy-ion collision at
RHIC or LHC. This sensitvity level may be improved substantiallyby optimizing the
reconstructiormethodsand selectioncutsusedto recognizethe decaytopology in order
to reduceasmuchaspossiblethe combinatoriabackground Furthermorethe possibility
of looking for the H® — ¥~ p weakdecaywill be examinedsoon. Besideswo other
priorities mustbe mentioned the searchfor H° — =~ p stronginteractionresonances
andtheinvestigationof otherpossiblehadronicdibaryondecaysthe (Z°p), for example,
for whichwe hopeto reachatleastcomparableensitvities.
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